Introduction
Post-translational modification of proteins, such as acetylation, phosporylation, methylation, ubiquitination, sumoylation, and ADP-ribosylation are important governing processes to alter activity and stability of proteins. Eukaryotic DNA is packed in histone and histone like protein constructed nucleosomes, and hyperacetylation of histone lysine residues results in reduced interactions of positively charged histone and negatively charged DNA back-bone, providing excellent conditions to chromatin opening and gene transcription. On the other hand, deacetyaltion of histone residues results in compact chromatin and silencing of gene transcription. Therefore, acetylation／deacetylation level of histone residues is a well known modulator a gene transcription 1） . Although, based on the result of histone deacetylase（HDAC） inhibitor studies, it appears that histone hyperacetyaltion is not a very accurate predictor of gene transcription
2）
. f-NH2 group of the amino acid side chain of lysine residues of histone proteins readily acetylated by histone acetyl transferases（HAT）, but it turned out that this f-NH2 group of lysine is valid target in all kinds of proteins to acetylation
3）
. Unlike phosphorylation, which turns on proteins, acetylation has much wider, broader consequences on function and fate of proteins.
In deed, acetylation, in general, alters the electrostatic state of lysine to neutral from positive charge and the addition of acetyl group leads to increase in the size of amino acid side chain. The acetylation affects enzymatic activity, DNA binding, protein localization, protein interaction, mRNA and protein stability 4） , hence overall the whole fate and function of protein is influenced by acetylation.
Sirtuins
Sirtuins are grouped as class III HDAC, and unlike other HDAC transfer acetyl group to the substrate NAD ＋ , generating two products, nicotin- . SIRT1 promotes cell survival, by deacetylation of p53, which inactivates this transcription factor, hence curbs the p53 dependent apoptosis upon cellular stress. So it is not surprising that SIRT1 is overexpressed in the late stage of prostate, colon and breast cancers.
Interestingly enough, acetylation of the target lysine reside can block the ubiquitination of p53, hence it increases protein stability and prevent degradation of p53
13）
. On the other hand, acetylation of lysine of HIF1 alpha increases the ubiquitination and the rate of degradation of this protein . Although, the exact reason of this huge degree of acetylation is unknown, but it could be related to energy metabolism. Moreover, how the acetylation effects the protein stability in the mitochondria and the degradation of proteins, is completely unknown. Mitochondrial sirtuins, SIRT3, SIRT4 and SIRT5 might be important regulators of mitochondrial acetylation rate.
The impact of aging and exercise on protein acetylation and sirtuins
Hypoacetylation of histone results in gene silencing, but acetylation or deacetylation of non histone proteins have various consequences. Unlike carbonylation, which is increased with aging especially in the last quarter of the life span, acetylation/ deacetylation takes place in protein selected manner. As it was pointed out earlier, acetylation could induce one protein but the same acetylation results in inhibition to other protein. In some of our recent investigations, we used the benefit of the availability of anti-acetylated lysine antibody, and it appears that aging, in general, results in enhanced acetylation levels in cytoplasmic and nuclear proteins 18） in skeletal muscle of rats. Similar result was found in cerebellum（Marton et al ., unpublished data） and hippocampus of rats（Koltai et al ., unpublished）. The acetylation level of a-tubulin increased with aging in cerebellum of rats, which could indicate damage of micro tubular system （Marton et al ., unpublished observation）. Moreover, it appears that aging results in increased acetylation of proteins in human skeletal muscle as well （Bori et al., unpublished）, although the acetylation level seems to be protein specific. It is known that the aceylation of lysine residues could curb the ubiquitination of some proteins;hence it could influence the rate of protein turnover, which is slowed down by aging. Therefore, age-associated increased level of acetylation, which was our observation in skeletal muscle and brain is in accordance to the decreases in protein degradation. In both, human and rats skeletal muscle aging results in increases at the protein level of SIRT1, however the activity of the enzyme is decreases with aging. SIRT6 content changed in a similar manner to aging and exercise training as SIRT1
18）
. SIRT6 is implicated in DNA repair and histone deacetylation.
Exercise training increases the activity of SIRT1 which is opposite to the effect of aging. In other word, exercise training attenuates the age-associated changes in SIRT1 activity, hence acts as a rejuvenating agent.
Mitochondrial sirtuins, SIRT3 and SIRT4 appear to react quite differently to aging and exercise as SIRT1, at least according to our measurements. The protein content of SIRT3 is decreases with aging and single bout of exercise also decrease the content of SIRT3 in human skeletal muscle（Bori et al., unpublished observation）. Exercise training resulted in decreased protein content of SIRT4 in skeletal muscle of rats. The protein level of SIRT4 changed similarly as SIRT3.
Taken together the information, acetylation／ deacetylation levels of protein alter the activity and stability of proteins, which is altered by aging and physical activity. The acetylation／deacetyla-tion level of proteins is specific, and it can turn on or switch off transcriptional and enzymatic activity. In general, it appears that exercise training attenuates the age-associated changes of sirtuins. 
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